The excavation of a section of the Old path from Orleans to Paris at Massy has shown a real archaeogeographical textbook case outlining the different phases of the transformation of a gallic sunken road in a gallo-roman road, whose route was used until the Modern period. Outside this focus, the whole of the ancient road has been restituted by observing on the maps the traces left by the use of the GalloRoman (2222 m) and the Gallic (2535 m) leagues during the survey campaigns. The cartographic analysis was extended to routes between the cities of Paris, Chartres, and Orleans ( fig. 1) , and it shows the use of an identical gallic league in Carnute, Senon and Parisii territories and the use of common zero points established on the urban limits for the calculation of the distances. Beyond the restitution of the road networks, this study has revealed that many menhirs, supposedly Neolithic, were in fact standing on points established with the gallo-roman league metric and sometimes directly erected on the limits (Fines) of ancient cities. This data allows one to reconsider the dating of the erection of these megaliths, thereby advancing the idea of a terminus post quem from the ancient period.
parishes of Massy and Chilly-Mazarin, which became communes after the French revolution ( fig. 2 ). At the beginning of the Modern period, the Old Path was for the most part abandoned and replaced by the Great royal road from Orleans to Paris, which was a larger road, better drained and paved -the building of which enabled much time to be saved when travelling from one city to the other.
The archaeological investigation presented an opportunity to verify the long-held hypothesis that the layout of the Old Path from Orleans to Paris corresponded, totally or partially, to that of the gallo-roman Cenabum-Lutecia road, crossing the territories of the Carnute, Senon and Parisii civitates (Dutilleux 1881 , Risch 1935 , Soyer 1971 , Roblin 1971 , Oulmont 2002 . One of the ancient documents that mentions this roman road is the "Antoninus' itinerary" (Wirth 1929) . It describes the distances between towns in the following way: "CENABVM SALIOCLITA XXIIII SALIOCLITA LVTECIA XXIIII". The secondary agglomeration of Salioclita has been identified as the actual town of Saclas ( fig. 3 ), which is indeed positioned half-way between Orleans and Paris (Naudet 2004) . The Peutingerian Map (Archier 1979 ) offers a slightly different distance of 47 leagues (XLVII) between the two cities ( fig. 4 ). In these documents, the distances concerning the Cenabum-Lutecia road are not indicated in roman miles, as in Gallia Narbonensis, but in leagues -with each league corresponding to 1.5 miles (1500 passum: 2222 m). In the Three Gauls and the Germanies, where this measure was specific, the league approached the local values, which oscillated between 2400 to 2600 m (Chevallier 1997 , Dassié 1999 , Goudineau 2002 , while remaining convertible to the roman mile (1000 passum: 1481 m) by a ratio of 2 leagues for 3 miles. The value of this league was presented in the writings of two authors from the end of Antiquity and Early Middle Ages: Ammianus Marcellinus (XVI, 12, 8) and Jordanes in his Goths History (De origine actibusque Getarum), (Ammianus Marcellinus 1978 , Jordanes 2000 . In the field, the excavation revealed sequences of the road's evolution in a wider chronological range than expected, extending from the end of the Iron Age to the Modern period. One of the most striking features of the excavation campaign was the discovery of a sunken track at the origin of the ancient road. Under the actual communal limits between Massy and Chilly-Mazarin, a vast depression in the ground was traced over a distance of about 257 m to a depth of a little over 2.10 m, and a width of 4 to 6 m, which is sufficient for the movement of carts ( fig. 5.a) . No secure dating elements have been found from the sunken track, but this absence was compensated by the data originating from other preventive archaeological operations in a radius of 1.5 to 7 km. The remains found were mainly from the Late La Tène occupations , where some of the ditches were obviously positioned in orientation with the sunken track (Bruant 2016) .
In the three centuries following the Roman conquest ( fig. 5 .b to 5.f), several changes can be observed. The first four phases recorded by the stratigraphy attest to an increased investment in the road equipment, leading to an apex: a causeway with two deep lateral ditches. The transformations undertaken in the last phase could be understood as maintenance in degraded mode manifested by a modification in the drainage system. In this case, larger and shallower swales (Ellis et al. 2004) were created to absorb part of the runoff, rather than rerouting it downstream (the other part being drained by evapo-transpiration). These swales seem to have replaced the former lateral ditches that were probably more costly to maintain.
Beyond the evolution of the road (documented in the field at Massy) the study was broadened to assess the possible correlation between the Old Path and the roman road. To achieve this, a cartographic analysis was undertaken. This work has taken into account the entire route of the road between Orleans and Paris, using some innovative work from archaeologists and geographers who, in the 1960s, developed a method to reconstruct gallo-roman roadways on the basis of topographic remanence (Chevallier, Clos-Arceduc & Soyer 1962 , Clos-Arceduc 1964 . It involves the observation of the road network as it appears on current or ancient maps, and therefore the identification of some remarkable topographical markers, which correspond to the resurgence of milestones set according to the ancient measurement grid. The existence of these topographical points is related to the fact that the ranging markers used during surveying campaigns have played -and continue to play, even after their disappearance -the role of attraction points on the roads. Most frequently, range markers appear as "ghosts", in the shape of cross-roads, churches or administrative or ecclesiastical boundaries. Markers also appear in the form of toponyms: mostly crosses, montjoies, gallows and stones. When dealing with outstanding trees, we notice that the elm is often mentioned.
These observations were made by generating a compiled map based upon the current background (scale 1/25,000), for which data originating from orthorectified 18 th /19 th century charts and aerial photos -both available on the www.geoportail.gouv.fr site of the Institut Géographique National -have been integrated.
In the areas studied here, the measurement grid sought for between the markers is, as already indicated, the gallo-roman league of 2222 m ( fig. 6, 7) . Between Orleans and Paris, the analysis has revealed a nearly continuous pattern of conspicuous markers on the Old Path. This observation would confirm the hypothesis of its correspondence with the roman road ( fig. 3 ).
Nevertheless, it should be pointed out that the means used for the study cannot provide absolute precision in the tracing of the roads and the layout of the markers. There are three main reasons for any deviations from the central value of 2222 m: -First, an offset in the coordinates x, y, or z between the real location of the old road and its supposed trajectory ( fig. 5 ). -Second, a shift between the distances obtained by the ancient surveyors and the measurements made on the maps, whose characteristics correspond to a horizontal distance that does not take account of any altimetric profile of the trace. -Third, a displacement between the original position of the leaguestone and that of its "ghost", according to the manner of the emplacement of the latter.
However, several cases of hiatuses have been recorded, each one displaying a correlation with the ways the territory is organized. These disruptions in the pattern required by the gallo-roman (2222 m) metrics were recognized while crossing secondary agglomerations on the route of the road (Salioclita/ Saclas, Arpajon), and also on the boundary separating the dioceses of Paris and Sens between the communes of Chamarande and Étréchy, apparently overlaying one of the fines separating the Parisii and Senon territories (fig. 7, 9, 10) . It should be noted that the toponym of Chamarande appeared in the 18 th century replacing Bonnes, whose etymology comes from late Latin bodina (landmark or Borne in French), which became bodne in old French, then bone or bonne (Gendron 2006: 78) . The latter's presence at that particular place reinforces the notion of a link between the survey of the road and the establishment of limits between the territories. 
On the Question of Megaliths on the Road and Hydrographic Networks; Their Relationship to the Supposed City Limits (Fines)
Beyond the question of the correlation between these two roads, this study has also been extended, using the same methodology, to the network of secondary roads (viae vicinales) branching off from the CenabumLutecia road. With this in mind, a virtual testing lab was opened in the southern half of the Essonne department, where the territorial confines of the Carnutes, Senons and Parisii, (whose fines are supposed to correspond to the dioceses of Chartres, Sens, and Paris), are located ( fig. 9, fig. 10 ). Here, the limits have been established from the communal division. This work has revealed an important number of routes paced by the measurement of the gallo-roman league (2222 m), originating from the leaguestones of the Cenabum-Lutecia road. At Étréchy, the observed overlap between the territorial confines of Carnutes, Senons, and Parisii, and the supposed location of a leaguestone related to the Cenabum-Lutecia road, illustrates this phenomenon very well. We can see here a close link between the position of the leaguestones and the drawn limits of the supposed ancient Carnute, Senon and Parisii civitates.
Among the forms taken by this resurgence of leaguestones on the secondary roads, four standing stones can be singled out, hitherto attributed to the Neolithic period and a lone rock (Peek 1975 , Bénard 2012 . Two occurrences are related to routes whose "point zero" is set on the Cenabum-Lutecia road, and two others form part of the outlines of the dioceses/city limits (Bruant, Touquet 2016) .
On a layout of a secondary road, surveyed from Arpajon and recognised in the Essonne Valley up to Malesherbes (Loiret) over a distance of at least 19 leagues (about 42 km), two megaliths were associated with supposed league points due to archeogeographical analysis. This path could lead to secondary agglomerations such as Pithiviers-le-Vieil and Beaune-la-Rolande on the road to Orleans or Château-Landon (Vellaunodunum) on the way to Sens (Agendicum), but also to the water sanctuary of Sceaux-du-Gâtinais (Aquis Segeste), which is mentioned in the Peutingerian Map (fig. 4) . Located in Itteville and straightened on the spot in 1994, the Roche-à-Gentil is a 3.80 m high sandstone megalith currently positioned 27 m from the road, where there were observed traces of antique demarcations ( fig. 9, 10, 11) . Recently discovered in Maisse by prospectors from the Rock Art Research and Study Group GERSAR (Groupe d'Étude et de Recherche sur l'Art Rupestre), the Pierre Droite ( fig. 9, 12) is the second megalith associated with a demarcation spot as a result of such mapping analysis. In squared sandstone, this standing stone presents more modest dimensions than the previous one, as it is only 1.4 m high. In Lardy, near the communal limit of Chamarande, another form of megalith could be associated with the secondary road demarcations. In this case, it concerns a termination coming from the same landmark as the one that would have been used as a zero point of the network related to the delimitation of Paris, Chartres and Sens dioceses. However, the Roche-qui-Tourne ( fig. 9, 10, 13) is not a monolith, but a cairn made of two large sandstone blocks, which are superposed and currently measure close to 3.20 m high. Careful observation of this very unevenly shaped sandstone sitting on a pedestal, revealed traces of voluntary fracturing at its base using wooden corners.
This set-up gave rise to some local folklore. According to one version, the stone would turn around on itself every one hundred years at midnight provided that a white pigeon landed at the top and that the witness was turning his back. Healing virtues are equally linked to the megalith, namely to cure numerous bowel diseases afflicting the local population.
Discovered in the 19 th century in the context of the dismantling of a murger in Étampes, at the limit of the commune of St-Hilaire, Pierrefitte's sandstone menhir ( fig. 9, 14) is 3.20 m high. Studied as part of an antique path survey, this stone appeared, not only at the junction of two surveyed networks, but also on the limit separating Chartres and Sens dioceses, potentially coming from the fines separating the Carnutes from the Senons.
In Bruyères-le-Châtel the Pierre Beaumirault ( fig. 9, 15 ), situated not far from the confluence of the Orge and the Rémarde rivers, is also associated with the limits of two dioceses, this time between Paris and Chartres. Unlike the previously mentioned megaliths, this one is not linked to any road network, but rather to a hydrographic one. Here, the usual gallo-roman (2222 m) league measurements on the roads have also been identified on these rivers. They appear in cartographic analyses as a succession of bridges, ecclesiastic and administrative boundaries, watermills and washing-houses; all regularly spaced by 1 league, ½ league, or ¼ league ( fig. 16, 17 ). When compared with ancient documents, the traces of surveying and marking along the riverside can relate to some miniatures in surveying treatises ( fig. 18, 19) , such as the Gudianus manuscript from Antiquity ( fig. 58 Th ou 61 La, Ms Gudianus) (Blume et al. 1848 , Hyginus Gromaticus et al. 1971 , and the Carpentras manuscript of Bertand Boisset (Carpentras, Bibliothèque Inguimbertine, Ms. 327, f. 293 v.) , dating back to the end of the Middle Ages (Portet 2004 ). Quite different from the standardized and often cylindrical stones encountered on the path of major roads, the megaliths studied in Essonne attest to a variability in the forms used. Leaving aside their dimensions, these standing stones show also similarities with some fairly basic markers found in parts of the French Alps, such as the Jaillet pass landmark which marks the limit between the Ceutrons' and the Allobroges' territories, but equally between two provinces: Alpes Graiae and Gallia Viennensis (fig. 22) . The granite monolith bears the inscription "FINES" (Acolat 2005 (Acolat , 2016 . Nowadays, the pass makes the division between the Tarentaise and Geneva dioceses, but also between the Savoie and Haute-Savoie departments and the Cordon and La Giettaz communes. 
« Zero Points » and Urban Topography
Returning to the phenomena observed on the Orleans-Paris axis, one of the most important aspects remains the determination of the "zero points" on the road in each city. In Orleans, as in Paris, the same configuration can be noticed: a correspondence between the location of the "zero points" and the limitations of the cities' walls during Late Antiquity ( fig. 23) .
In Orleans, the supposed "zero point" is positioned on the north gate of the city walls, located at north of the Cardo Maximus, and near the start of the road to Chartres (Debal 1980 , Vilpoux 1998 ). In the same way in Paris, between Early and Late Antiquity, the left bank was partly abandoned and the urban space retracted from 100 to 25 ha (Roblin 1951 , Busson 1998 , Direction des affaires culturelles de Paris et Paris musées 2011). The centre of power moved to the Ile de la Cité, which was then defended by a fortified wall. In this case, the supposed "zero point" could correspond to the position of the south gate of the enclosure. It is worth noting that near both of those places gothic cathedrals were set up, Sainte-Foix in Orleans and Notre-Dame in Paris.
These "zero points" are particularly important as they articulate with the second part of this work, which used exactly the same methods as above to determine whether or not the ancient roads re-used the routes of more ancient paths, whose traces were left by an underlying metric: an eventual gallic league. This time, another metric has been identified on the track, without any correspondence to any ancient, medieval or modern unit of measure: a significantly longer metric than the gallo-roman league of 2222 m, and with a central value of 2535 m, which has been continuously observed between Orleans and Arpajon and can also be found between Antony and Paris ( fig. 24 ). This work has shown that the "zero points" of the restored road precisely corresponded to those that were determined with the 2222 m league ( fig. 23, 25 ). Faced with archaeological data, in Orleans the "zero point", established with the supposed gallic metric (2535 m), could also be in agreement with certain assumptions based on the gallic proto-urban metric extending during the Late La Tène (Joyeux et al. 2016) . In Paris, the "zero point" determined with the gallic (2535 m) metric was also positioned on the southern shore of the Ile de la Cité. Despite this information, these chronological and geographical clues could not allow us to establish whether this metric, or at least its use for the demarcations of the track, was before or after the Roman conquest. The only feasible strategy left was to obtain dating elements, absolute or relative, keeping in mind that there could be a difference between when the terminals were located, and when secondary roads, buildings or occupations were built. This is why the investigations have been extended to a much wider geographical area including the northern part of the Centre region, an area marked by the existence of a network dense with roads, where Chartres/Autricum was the main oppidum (Guérineau de Boisvillette 1861, Jalmain 1972 , Cribellier & Ferdière 2012 . In the zone studied ( fig. 24, 25) , two important facts are noteworthy: namely the presence of the two metrics on the same axes, and the fact that the 2535 m league is present in at least three different areasnamely Carnute, Senon and Parisii. In a detailed analysis, many associations are apparent among these points, not only with toponyms evoking the presence of disappeared landmarks, but also with landmarks still in place. If we consider the anepigraph landmarks standing on the Chartres-Orleans road, between Beauvilliers and Allones (Caylus de 1761, Merlet 1870 , Ollagnier & Joly 1994 , they suggest that their locations were dictated by two different metrics, namely 2535 m for the Pierre Droite and 2222 m for the Pierre de l'Orme.
The configuration of Autricum ( fig. 26) , the main oppidum of Carnutes, could provide some dating elements for part of the network as revealed by the cartographic analyses. For this city, where the ancient phases of occupation are documented by a large number of excavations, especially for Late Antiquity, very few elements regarding the gallic period were uncovered. Many open questions remain concerning the dating of the vast, trenched enclosure that circumscribes the city. With a diameter of about 1.8 km, a depth of 5 m, and a width of up to 10-12 m for the V ditch (Joly & Gibut 2009 , Joly 2013 , Ben Kaddour, Gibut & Rivet 2016 , this enclosure has impressive dimensions. This enclosure clearly evokes the monumental, massive henge adjustments from the end of the Iron age visible in Reims (Marne)/Durocortorum and in Manching, Germany (Fichtl 2006) . In terms of dating, it is important to stress that currently there is no evidence for this trenched enclosure being created before La Tene D2 b (50-30 BC). It is known that it was in use during the 1 st century AD and almost completely abandoned during the course of the 2 nd century. Taking into account these parameters, the urban topography of Chartres shows the junction of at least three "zero points", established with the gallic league (2535 m) metric, directly on the route of the enclosure, with a majority of points on the right bank of the Eure river. These elements constitute a first preliminary dating index for the networks surveyed with this metric. These dates seem, for the moment, relatively late, and could even spill over into the gallo-roman period.
Conclusion
Since the introduction of the breakthrough in the methods analysing ancient paths and roads in time and space by Eric Vion (1989) , considerable advances have been made in the understanding of the dynamics of road networks by a number of proponents in archaeogeography (Chouquer 1997 , Leturcq 1997 , Marchand 2009 , Robert 2011 , Watteaux 2010 , Robert & Verdier 2014 . These researchers considered road networks as both starting and central points in their studies. Although these works agree on the idea that a network is not only made of links, but also of points, the question of road markings has not been fully integrated as an active component of the system. The exploration of the road networks of the Carnutes, Senons and Parisii cities by the restitution of the geographical position of their road markers show to what extent survey campaigns played, and continue to play, a major role in constitution and evolution of the territory. Almost two millenia after the implementation of leaguestones, their topographical remanence and the variability of shapes taken by their ghosts, corroborate the general phenomenon linked to past shapes, in so far as "their transmission is not explained by the fixation of a material element, once and for all, but by its endless renewal within a complex set of reinterpretations1" (Robert 2003: 1) . If we consider menhirs, which were potentially removed or reused as landmarks on the paths, several other topics concerning the eras dating back to the Neolithic could be linked to the markings on the road networks.
What remains to be done now, is to date as accurately as possible the road survey campaigns that have employed the 2535 and 2222 m metrics by attempting to clarify their relationship within the Romanisation process. Indeed, if we can find traces of the use of the 2222 m league in the regions studied, the fact that the 2535 m league (for which the origin, the calculation base and the dissemination area are unclear) might be found in the same territory would not be coincidental. This would suggest that there was already a form of political and administrative harmonisation, for which the details remain to be discovered. The question, obviously, is to know whether this normalisation happened before or after the Conquest, and if it was driven from the outside or not. A widening of the study area and the integration of dating elements from preventive and planned archaeology, as well as combining aerial and satellite surveys, will thus be necessary before sketching out any scenarios.
